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The Impact of Custom GPTs as Teaching Assistants on University Students’
Cognitive Load in Calculus Learning
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Abstract: This study aims to investigate the impact of integrating Generative Al teaching assistants into university
calculus instruction on students' cognitive load and learning performance. Using a crossover experimental design, this
study grouped students to alternate between "traditional paper-and-pencil” and "GPTs-guided" problem-solving modes.
Empirical results showed no significant difference in learning performance between the two modes, confirming the
pedagogical feasibility of Al assistance. However, in terms of psychological perception, the GPTs mode significantly
reduced students' emotional load and germane load. This indicates that Al can effectively play the roles of affective
regulation and cognitive guidance, assisting students in overcoming cognitive barriers to understanding calculus.
Furthermore, the study revealed an operational order effect, suggesting that the timing of Al introduction significantly

influences interface adaptation and the learning experience.
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1. FARH T RSH

WAR S (Calculus) P A+ 5. HAAF, THREHS(STEM)ARG A R, RIARESH
HEFHEEWMGENAL, Ad, BBASELEAXRZABER KIEKYGEHZ—, FHEZK—

BN, 2HREKF LR @M RAZ & 5 B HE 4 S H M AKE 49 B4 (Kurudirek et al.,
2025), EMBESWNEH ALY, FPAITZREREHANZ AT, PRANEZ AT

(Intrinsic Cognitive Load)3Z 9 f£ 3% %= & 7 (Extraneous Cognitive Load). M /& & 77 RAFAM A F

MBEAEL LRI, MRS D RS TR BENIF B F TR, AT LHERp

My pa AT = 69 AR B AT m SR e AR R R KB R E AR Z MY T AT SR, A 2022 F

Open Al # 7 ChatGPT 44, ## % #5045 i & & X Al (Generative Al, GAI)#% %9 #2 4% Bp 85 69 18 751

e fg, MR EAABMINAZNIES, BA T ALK BANLE F 4% 7/ (Hwang & Chen,

2023; Baidoo-Anu & Owusu Ansah, 2023; Xu, 2024).
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OpenAl 7 2023 SF/&k 4 ZHA GPTs 7k, A AMRE RN AR £ 2 ESHHE Lay
TR, EHA GPTs il E1% % oy ok B, 345 A% 53R A AT bk fm 09 3R T 454, 2
M B BB R AL i3, B GPTs fe 50§ & 5§l Foas IR 2 RAZ N 52
W, BAETEARAEAR & 4 475 69 % (Mehta el al., 2025; Huang & Willems, 2025). A A% 4L
GPTs #9 /& Al &, ARG AR LM —REHMA LS RAE S G 471809 Z UL GPT Bh#,
i@ﬁﬁ%%@§i§+%ﬁ§é%ﬁ%ﬁ§io j":\af%%k@%k\b(—f“%@ééf’aﬂ% (1) %ﬁifﬁ?éﬁﬁ%‘#ﬁi&ja l:b’
A ERA GPTs M3AT RBF T A MY F Bl ERe AF? (2) BHA
GPTs A AR T RA HALI £ 008 HAHKD (3) S ARAE LI Al ALK
SEAE ) B AT ?

2. BTk

RAF 5 B0 AT ENERK Al IR KREEMESFH 2050 8 TS H R
HVE, HAHRXBRERFERNGER, AARERET R PO, EEITA E S
WAL B MAEH B A X (R4 E K B0 GPTs 358)) , HIR S REBA 2 R HTHRE R
Fifo AFRLBERULASGHERETRIAALE —FNEE, TRELIFBA, AL
A AL HAML AT TR EHEER,

2.1. FFLXRKF

KA TN 43 L2 ABERBEF AR FAZ A, AR A 4 (N=20) B 41 (N=23),
TREN LB B, 24 ERBERRE QMR HEET, it A:E4%8] (Chain Rule)
%5 F 5 (Implicit Differentiation) , & AE T A0E L AMBIME, &AMy TP
AL, MAARBZANBEIBEFER ). A BEFIEHR GREEA]) 2T 1E409
WERRAE, MALES SR (BB M) i s GPTs $HB)fEA4; B 4L AR R &A1& 4T
WHFAZEFAAFLLERELATHIERE, RAZLRE —(2FF 5 TR S X
T a93%sm & fT £ &,

2.2. FLXLA

AT IR A9 Al $48) T B % OpenAl GPT Store /B4 7 BL4% 4L ZFER 369 % AL A
[ Calculus Tutor ] , £ AR % GPT-40, A LERNIITEZ TR, AAREME LT HIEX
HLHX, £24 L2 E B ZI2MF, Calculus Tutor & AR RLBE, mARY R
MAa, I HRTHBATEGMERIE, JIEEAEATEFT—F, T EEIKINEZS
BT BRI AR AT FRIZ, F I, AR K% A Sweller. Paas 3 Leppink 5
AZRpm@frER, ERAAAMEALD, Q5 —AANAER G, RASNERI QT UARN
R AEDR AT, EIRA Likert ZZZ &30, Wb, FARFIREREETE 45 LA H
A, URBFARB TS TREREL TEE,

2.3. WwAAE

AR EHA EARAZR M NET, 20 ARMEMREE, 203088 8% A IS R M
ZBAKE, SREBETZHAR —BNTR, ERTRFZG—BN, FEEE S ARE
— R AT, RAZRBOAT AN, OAXHFETERORNN, HHEETANEE
EHERAL; TR T OEAMTHARIEN, ORI THUEZELETLARBA ST
HEBE T, ERTASAERZ T ARGMRA M mE. A, EANTAEREORE ),
AT BRANGAZCPE B LM, B ERE XS A E R RIEEARE R AITEH,
FiBEIEAQTEN TH; mEA GPTs hBhiE X694 4 A4E A Calculus Tutor, /&AFAE8[E
eTm AlRM AR M HEXF K51, RYULREZ, MAEFEZEOFERER, FLERT
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Wi AT ERBZBEANE Y RAAR . RA B BHAF LT, S HRYALZBRR
B0y U REAITHE RIS, AT RZ N T EHF MR,

3. FARLER

AFRBIBA A LFAEAETRMRAEX TR ATEETRKEL, Wk 1 FiTo
Wk 1 ERET, $LARABGOREEL L ZE GPTs 3 X, 3 Ko FAH 8P 51K
B, R A TEENED THAE, SE%RE, HLEREITBRHREFBRIANEETEMT,
i 5| N GAI TR A s — Ak A, FAEMRABILE T oAV EFRTEAMAN. B
BAREAERNE, TREARSOSCHBHERAT, L2 0 4B AT AN BEARLE R,
% B G AMAR GPTs #I) L& SR ER G, S A aMBR L RBEEGREzUR, 22
REANRFG R (BT ; RN AERER (BT HR) TREZE 0, Z785IR
A E ¥ GAI A RIE R A LN, CHRER Al [SEOME, 24 ARHRE
A AR R BRI R, — BRI X, FABABHaHFANETBE, ERD
AW Al S S 18 448 X0, 4 A SR LIR A LT EEE 0 E KK,

%1
A 48 F 4 FE TR AR R T 78 A B 7y ¥ F F K w5 h9 E B A (N=20)
g i) KEHRE XM GPTs # X M t {5 p i
(SD) (SD)
N e 8 F7 (I #) 2.85 (0.99) 3.35(1.04) 2.13% 047
SN BT () 2.30 (1.13) 3.10 (1.02) 2.37* 028
I B T (3T 2.55 (1.00) 2.65 (0.81) 0.40 694
A A R (2R 2.85(1.14) 2.75(1.21) -0.37 716
WA ART(HF) 3.45 (1.15) 3.60 (0.99) 0.68 .505
AR R 8] B 40.00 (10.26) 38.00 (8.94) -0.94 359
*p<.05
%2
B #1F 4 7 TR iEAA R T 284 B 52 EF K 769 E R AT (N=23)
Hhm KEE XM GPTs # X M t {5 p 1&
(SD) (SD)
N e 8 7 (I #) 3.43 (1.08) 3.13 (1.18) -1.78 .090
INE B T () 2.83(1.03) 2.52(1.04) -1.37 184
I B T (A7) 3.09 (0.95) 2.09 (0.73) -5.62%** .000
A A FT(EMR) 3.17 (1.11) 2.48 (0.99) -3.43%% .002
A BT 3.70 (0.70) 3.52(0.59) -1.45 162
AR E ] B 37.83 (9.51) 36.09 (7.22) -0.75 462
*%p<,01, ***p<,001
%3
TR FRAF NS 40 5 7 S 1y 2 BZ P 24Kt 4R
& A % M (SD) B 4L M (SD) t {5 pfa
N & fr(1E #H) 0.50 (1.05) -0.30 (0.82) 2.81%* .008
INE B T () 0.80 (1.51) -0.30 (1.06) 2.80%* .008
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I & Fr (437 0.10 (1.12) -1.00 (0.85) 3.65% % .000
¥ ARG -0.10 (1.21) -0.70 (0.97) 1.79 081
WA AHEN) 0.15 (0.99) -0.17 (0.58) 1.33 .190
AR AL B B -2.00 (9.51) -1.74 (11.14) -0.08 935

*p<.05, **p<.01

k3 ZRAMEAERE XL AGE R ERT EAHTEZN, ABFRERFHEY
BN E, EREFTBREERFARYGLE, SRR AR AT AT LERBAE
. B 4 (L) AL SHB) BASIR) £ 4 A7 LS ILE B E K A 40 CRekEFE N AD,
FR RSN S L, PR K AL $H ) 69 A7 Bk KA T AT 08 64 38 8 738 &
8, BTN AR SLIF EA RE G EAL, RMAARRGEY AT £BET EE RE
B RBAEN AL A& IR E IFRAAE. B4, FREREE GAl EMASHF P
BSABA L AMELF HIF S AR M IAE, 128 FE5 A F MM 7 NG EFH, AFH#r
T EL3# & #6938 5n B 5 SLAS IR 1A 69 O FEARHE M RE

4, 435

ARG EMRERKFMMFRALY, FAEFAMERSHEHEH ™ @R 53850 A 7
BAEG R, Ak, AFFRERATLERE, BBAZERGKPRAL, EGERE
EH A R KX AL (BHA GPTs) 31§ X HATRREIAFTZiE. T RBTEN
Al TEWATEYHEAL, HAWKREBE, TRGRMAEITEEESREY I 4 e bt
R, Ak AL B E A& & 4 078 L3I RS M % /) B, HIRZURE Z AL GPTs £ =
I AR AI E R LM BER, S mE, ARLET GPTs 51 £ XNEH A —AE1EH
HAZHMOEERR, ARENVEREAREOERLT, BEHRETE0HE asn, £
WY BB QB EE BN, BASLHT Al fFAERIH O SR, Bpikid BpE 69
FlE st gh, AR AR LA MRALRAZHAL b RIEHE . AP 00T, A RERE A0 &)
RSB R T AR, AR ERAE T — BRI B 6 AR E

%% SRR
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